It is the purpose of this paper to present hemodynamic and clinical data in seven cases of pulmonary stenosis and ventricular septal defect in which a left-to-right shunt was the major hemodynamic anomaly and in four cases of pulmonary stenosis with both atrial and ventricular septal defects, all of which had leftto-right shunts but three had right-to-left (venoarterial) 
IN patients who have stenosis of the pulmonary -valve or outflow portion of the right ventricle and a ventricular septal defect, blood is usually shunted through the defect to the left ventricle or the aorta. Recent publications have called attention to a group of patients who have pulmonary stenosis and ventricular septal defect without cyanosis, in whom the blood is shunted from left to right (arteriovenous) through the defect.'-'
It is the purpose of this paper to present hemodynamic and clinical data in seven cases of pulmonary stenosis and ventricular septal defect in which a left-to-right shunt was the major hemodynamic anomaly and in four cases of pulmonary stenosis with both atrial and ventricular septal defects, all of which had leftto-right shunts but three had right-to-left (venoarterial) shunts in addition. Two of the first group of patients had been previously reported by Broadbent and associates. 2 The patients were studied by cardiac catheterization, employing the method of Cournand and Ranges4 as modified in apparatus and technics by Wood and associates.5-7 The methods of analysis used have been described Medicine. 994 in greater detail in a recent paper by the present authors.3 ARTERIAL INDICATOR-DILUTION CURVES Because of the value of indicator-dilution curves in the definition of normal and abnormal circulatory states, a statement outlining the principles which are the basis for the use of dilution curves in the study of congenital heart disease with intracardiac and intravascular shunts is appropriate. The changing concentration of an indicator with time, at the sampling site ill the arterial system, defines a contour which depends to a major extent on the pathway or pathways taken by the indicator from the inijection site to the sampling site. Dilution curves do not define defects as such but indicate the nature of pathways of blood flow, normal or abnormal. Two distinct and fundamental dilution patterns are associated with the presence of a right-to-left an(l of a left-to-right shunt respectively.9 When a right-to-left shunt exists, a portion of the injected dye traverses the defect and reaches the systemic arterial sampling site before that portion of the injected dye which passes through the pulmonary circulation. The resultant dilution curve is characterized by a short appearance time and an abnormal initial deflection which is proportional to the amount, of dye shunted and hence to the volume of the shunt.10 When a left-to-right shunt is present,shunted to recirculate through the pulmonary vessels. In this situation the appearance time and the slope of increasing dye concentration of the dilution curve are normal. The magnitude of the peak of dye concentration is reduced in comparison to normal, and the concentration of dye at the sampling site declines slowly because with each recirculation of the indicator remaining in the pulmonary circulation, a constant fraction of the dye passes into the systemic circulation.'1 The site of injection of the dye is important in the localization of a shunt. Since the dye follows the pathway taken by the blood, a shunt will be defined only if it occurs at or beyond the site of injection of the dye. Injections of dye into different locations in the heart and great vessels frequently permit the localization of a defect through which a shunt is occurring."2 CLINICAL DATA The clinical data are summarized in table 1. Representative roentgenograms of the chest are reproduced in figure 1. The oxygen saturation of the blood in the right ventricle was higher than that in the right atrium, indicating the presence of an arteriovenous shunt into the right ventricle. While the patient breathed air, the oxygen saturation of the right atrial blood was not higher than that of vena caval blood; but when the patient breathed 100 per cent oxygen, the oxygen saturation of right atrial blood exceeded that of the caval blood by 5 per cent, giving evidence of a left-to-right shunt at atrial level under this circumstance.
An arterial indicator-dilution curve recorded following injection of T-1824 into the right ventricle had a normal appearance time and slope of increasing dye concentration, showing that there was no right-to-left shunt at ventricular level. Dilution curves recorded following injection of dye into the superior and inferior venae cavae had short appearance times and abnormal initial deflections, indicating a right-to-left shunt at atrial level. The initial deflection in the curve recorded following the inferior vena caval injection was larger than that recorded following the superior caval injection. It was estimated that 25 per cent of inferior caval blood and 20 per cent of superior caval blood traversed the defect. The difference in the relative magnitudes of the shunts from each cava, as demonstrated by Swan and co-workers,'4 strongly favors an atrial septal defect as the site of the right-to-left shunt in this instance. These dilution curves are also consistent with a left-to-right shunt of considerable magnitude. A dye-dilution curve recorded following injection of dye into the left ventricle had a normal appearance time and slope of increasing dye concentration for this site of injection. The slope of declining dye concentration was less steep than would be expected from the initial portion of the curve, indicating a left-to-right shunt at or distal to the left ventricle. This dilution curve is compatible with the finding of a higher oxygen saturation in the right ventricle than in the right atrium. The curve recorded following injection into the left atrium is characterized by a more abnormal slope of declining dye concentration and suggests the presence of a left-to-right shunt at atrial level.
Case 2. The left side of the heart was not catheterized in this patient. The blood oxygen saturation in the right atrium was found to be higher than that in the venae cavae and the saturation in the right ventricle xwas slightly higher than that in the right atrium. This was evidence for the existence of left-to-right shunts at both atrial and ventricular levels.
Spontaneous fluctuations in oxygen saturation were present in this patient and affected the recording of dilution curves of T-1824. When dye was injected into the right pulmonary artery the resultant curve showed a normal appearance time and slowed build-up and disappearance phases. When dye was injected into the venae cavae and right ventricle the resultant curves had short appearance times and abnormal initial deflections, demonstrating the existence of a right-to-left shunt. There was no substantial difference in the initial deflections in the dilution curves recorded following the caval injections, as had been noted in case 1, and these deflections were not larger than the initial deflection in the dilution curve recorded following the right ventricular injection. This demonstrated that a large right-to-left shunt existed at ventricular level and did not support but did not completely exclude the presence of a right-to-left shunt at atrial level.
Case 3. Pressures were measured in all four chambers of the heart. As in case 1, the cardiac catheter passed through an atrial septal defect. The pressures obtained were as follows: right atrium 5/3, left atrium 9/4, right ventricle 66/2 and left ventricle 83/3 mm. of mercury. The blood oxygen saturation was found to be higher in the right atrium than in the venae cavae and higher in the FIG. 3a (patient 1). Blood oxygen-saturation data indicated that a right-to-left shunt existed at atrial level and a left-to-right shunt existed at ventricular level. Indicator-dilution curves supported this conclusion and provided evidence of a small left-to-right shunt at atrial level.
FIG. 3b (patient 2). Blood oxygen-saturation data showed left-to-right shunts to exist at both atrial and ventricular levels, and indicator-dilution curves demonstrated a large right-to-left shunt at ventricular level. FIG. 4a (patient 3) . Blood oxygen-saturation data showed that left-to-right shunts existed at 1)oth atrial and ventricular levels. Indicator-dilution curves showed that no right-to-left shunts existed. The indicator-dilution curve recorded following injection of T-1824 into the left ventricle showed that a left-to-right shunt existed at that level. FIG. 4b (patient 4) . Blood oxygen-saturation data showed that left-to-right shunts existed at both atrial and ventricular levels. Indicator-dilution curves demonstrated right-to-left shunts at both atrial and ventricular levels and supported the existence of a left-to-right shunt from the left ventricle.
right ventricle than in the right atrium. This was evidence for left-to-right shunts at both levels.
Indicator-dilution curves recorded following injection of dye into the venae cavae and the right ventricle had normal appearance times and normal slopes of increasing dye concentration, showing that there was no right-to-left shunt in this patient. Case 4. Pressures were measured in all four chambers of the heart as in cases 1 and 3. In contrast to the other patients, the hemodynamic status in this patient underwent alteration during the course of study, owing to the occurrence of episodes of nodal rhythm. The pressures in the atria were found to be virtually identical when recorded in quick succession, averaging 10/7 and 13/6 when the rhythm was normal and nodal respectively. The ventricular pressures were also considered to be nearly identical. The oxygen saturation of the blood in the ight atrium w-as slightly higher than that in the venae cavae, and a further increase in oxygen saturation was found in the right ventricle, demonstrating leftto-right shunts at both levels.
Dve-dilution curves recorded following injection of T-1824 into the venae cavae and right ventricle had short appearance times and abnormal initial deflections. The SUMMARY Clinical and hemodynamic data have been presented in 11 cases of pulmonary stenosis and ventricular septal defect with left-to-right shunt. Four of these patients also had interatrial communications and three of these had bidirectional shunts.
The clinical diagnosis depends primarily on the diagnostician's being aware of the possible existence of a left-to-right intracardiac shunt, with increased pulmonary blood flow in the presence of signs of pulmonary stenosis. All except one of the first seven patients had a harsh systolic murmur and thrill in the pulmonary area. The pulmonary arterial shadow was increased in all except, one of these patients. Other physical signs, the pulmonary vascular markings and the electrocardiograms were more varied.
The technic of selective injections of T-1824, used in conjunction with measurements of blood oxygen saturation in the chambers of the heart and great, vessels by cuivette oximeter, was of great value in the definition of the level, direction and magnitude of it racardiac shunts. 
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